Squeeze film damping of a planar micromechanical structure that oscillates in the normal direction to the substrate is investigated. Theoretical models influencing the squeeze film damping has been developed for the transversely oscillating plates. The air-film model has been derived from the modified nonlinear Reynolds equation, where the influence of the gas rarefaction is included. The performance of squeeze film such as the variation of the pressure distribution and the air damping load are analysed.
INTRODUCTION
With the improvements in manufacturing and control technologies, planar microstructures in relative normal motion have been widely used in the microelectromechanical devices, such as microaccelerometers [1] [2] , microphone [3] , microtorsion mirror [4] ,etc. In such devices, the responses of the moving parts are affected by gas in the gap, so called, squeeze film effect. Micromechanical dynamics of the perpendicularly oscillating planar structures is profoundly governed by the viscous damping of squeezing fluid medium. The significance of the squeeze film damping becomes increasing especially when the micromechanical response of the planar microdevices should be controlled over a wide frequency range or at resonance. Thus, the sound understanding and proper specification of the squeeze film damping is of importance in the design of wide bandwidth or resonant microstructures.
Most previous research has considered the damping effect of air squeezing film in planar microstructures, but quite a few investigations have analyzed the squeeze film damping with classical lubrication equation. According to the dimension of microstructures, the squeeze film thickness is sufficiently small. Therefore, the effect of gas rarefaction become much more important.
In this paper, the modified squeeze film equations including the gas rarefaction effect of the rectangular parallel plates system are derived. The numerical simulation method to solve the equations is developed. The effect of microstructures resonant frequency on the squeeze film load is discussed.
THEORETICAL ANALYSIS
The following assumptions are made: (a) An isothermal process; (b) Parallel plates; (c) Motion is perpendicular to the surface of the plates; (d)Displacement of the plate is smaller than the gap between the plates. Therefore, pressure variation is also smaller than an ambient pressure; (e) Gas flow in the gap is laminar. According to these assumptions, the modified Reynolds equation including the gas rarefaction effect can be written as follows,
where is a constant, and is the relative flow rate coefficient. is used to model the rarefied gas flow in narrow gaps [5] . It is a function of the Knudsen number Kn, that is the ratio between the mean fee path of the gas molecules and the gap separation. The relative flow rate coefficient is derived with the linearized Boltzmann equation. A simple approximation for the relative flow rate coefficient is: 
(1) Simulation of the Transient Response
The transient responses of square microplate is simulated. It is found that the damping load between the substrate and moving plate is increasing when two parallel plates moves towards each other. And the damping load reaches its peak at about 0.4 period. After that time, especially when two plates moves away, the gap air has stretch strain, the damping load becomes small quickly and negative values. When the increasing trend of the clearance between two plates is small, the damping load rises.
For the square microstructure, the pressure distribution is symmetry with the center of microplate,and the pressure peak appears at its center. This result is existing during the whole period.
(2) Effect of Gas Rarefaction
The effect of gas rarefaction on the damping load is showed in Fig.1 which its oscillating frequency is 100kHz. The comparison between with and without gas rarefaction effect is carried out under different oscillating frequency during a period. It is found that the damping load is smaller with the effect of gas rarefaction. That means the traditional lubrication equation will overestimate the numerical result. The distance between two curves of with and without gas rarefaction under high frequency are larger than that of under low frequency. With the frequency increasing, the effect of gas rarefaction becomes more significant. 
CONCLUSIONS
On the basis of the theoretical analysis, several conclusions are as follows: For the scale effect in mems, the theoretical analysis should include gas rarefaction. The traditional lubrication equation without gas rarefaction effect will overestimate the numerical result. With high frequency, the effect of squeeze damping is more significient.
